in Version 4 CALIOP Level 2 algorithm
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Extensivecombined analyses of Version 3 perfectly collocated observations fréL I OP and | IR
IIR data selection: Single-layered semi-transparent cirrus ci@atsdomly oriented ice, high confidence), night, ocean.
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(Young and Vaughan, JAOT, 2009; Young et al, JAOT, 2013; Blag, 1973)

Lidar ratio: S.= S*/n

Constrained retrievals => 2-way transmittance can be measured and estin
uncertainty in derived 8s smaller than 40%.

Unconstrained retrievals: others,default lidar ratio S=25 sr.
Multiple scattering factor: n=0.6
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* 1,,/T,~2; can be estimated in more details from theory and ice crys}
effective diameters retrieved from IIR microphysical altfom.
Ated weakly sensitive to multiple scattering (< 2%).
» T, corrected a posteriori using CALIOP extinction profiles:
=>T1, increased on average by 1% at2 0.3to 7% at 2, = 2.

(Platt, JAS, 1973; Garnier et al., JAMC, 2012; Garniel.eAMT, 2015)
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Rgg: blackbody radiance, temperature T
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Discontinuity between CALIOP constrained ¢
and unconstrained retrievals.

Version 3 default lidar ratio S 25 sr too
small on average. .
Version 3 constrained retrievals: high bias a
optical depth < 0.6 due to truncation of ¢
optical depth distributions (Garnier et al.,

MT, 2015).
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No discontinuity in the comparisons.

On average, CALIOP and IIR compare
expected 1/t about 2)

Version 4 lidar ratio is derived from
constrained retrievals.

Verson 4 constrained technique is
extended to smaller optical depths, which
will substantially increase the number of
constrained retrievals (night & day).
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The ratiot,/T,, with 1,;; derived from the 2-way transmittance using 0.6,
V4 is found to vary with temperature and to be inconsistent wigory.

A temperature dependent « bulk » multiple scattering factor ny is derived
by reconciling observed and expecteg/t, ratios for Z, > 0.3 to minimize
biases (Garnier et al., AMT, 2015).

The theoreticalt,; /1, ratios are obtained using the column_8_eleme
crystal model from Ping Yang (Yang et al., JAS, 2013).

Ice
Part. Depolarization Ratio > 0.25
Years 2008+2010+2013

90S-90N Ocean

Number of samples

240
Centroid Temperature (K)

260

Version 4 cirrus multiple scattering factor and lidar ratio are parameterized as functions of temperature.

The default lidar ratiosused in Version 4 unconstrained retrievalsare derived based on statistics of Version 4
constrained retrievals at the same temperature.

Sigmoid approximation function
for multiple scattering factor
Version 4 Test10
Version 3: n=0.6

—V4 Test10
—==Version 3 (5= 0.6)

Girrus Multiple Scattering Factor

045
160 170 180 190 200 210 220 230 240 250 260 270 280

Cloud Centroid Temperature (K)

Expected mean optical depths for
Version 4 constrained solutions
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07

Expected Mean Optical Depths

—o—v4 Test10

RN

—o—Version 3 (1 = 0.6)

B8 s e 8

Cirrus Lidar Ratio (sr)

18

200 210 220 230 240 250 260

Cloud Centroid Temperature (K)

270 280

¢

Sigmoid approximation function for lidar
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oin Version 4 Test10 compared to

retrieved lidar ratios from constrained

V4 Test10: Jan-Dec 2008, 60°S to 60°N, Night Only ROI
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